DGGI
The detection and identification of point mutations responsible for common human genetic diseases still represent a major technical problem especially when analysing genes with a large coding region or a heterogeneous spectrum of mutations or both. Before the advent of the polymerase chain reaction (PCR) this problem could be partially circumvented by the identification of haplotypes of restriction fragment length polymorphisms (RFLPs) distributed around and within the gene of interest. ' In informative families linkage between any given haplotype and the mutated gene can therefore be established, thus making the early and presymptomatic diagnosis of the disease feasible.'2 Several RFLPs distributed over more than 60 kb have been described in the 1 globin gene cluster.34 These polymorphisms have been observed to be non-randomly associated in different populations, thus giving rise to a limited number of haplotypes. Linkage disequilibrium has been shown between the haplotypes and 1 thalassaemia mutations, which make them extremely useful for the early diagnosis of the thalassaemia syndromes.2 Within the ,B globin gene itself, neutral substitutions have also been described. Extensive sequence analysis of normal and mutant ,B globin genes has indicated the existence of four normal P globin subhaplotypes, generally referred to as frameworks.45 These frameworks are particularly useful in linkage studies because they are located within the gene and are thus in tight linkage with the 13 thalassaemia mutations.
The introduction of PCR has made the direct identification of single nucleotide substitutions, microdeletions, and insertions feasible. In particular the combination of PCR (fig 1) . Since the nucleotides present at these positions differ in all four frameworks, the electrophoretic pattern of the fragment on DGGE is characteristic of each framework. In a study of 85 unrelated Dutch subjects all four frameworks could be discriminated after analysis of the 190 bp fragment by DGGE. In a preliminary study of 15 (fig 2A, lanes 1 and 2) .
The correspondence between the electrophoretic pattern on DGGE and the globin framework was established by direct sequencing of several samples with different DGGE types (data not shown) and showed that alleles A, B, C, and D correspond to framework 1, 2, 3, and 3 Asian respectively (fig 1) . fig 2B) .
During this screening an abnormal electrophoretic pattern, that is, not consistent with any of the four haplotypes, was found in a subject of Moroccan origin (fig 2A, lane 8) .
Direct sequencing showed a T-.G substitution at position 26 of the second intron on a framework 1 (DGGE type A) chromosome, designated A*. Since this mutation does not segregate with any phenotypic abnormality in this family, it was considered a neutral substitution. The T-)G substitution at position IVS2-26 was not found in any of the other 15 f thalassaemia families nor in the 85 normal Dutch subjects.
Furthermore, we observed an additional electrophoretic pattern corresponding to a 1 thalassaemia mutation (IVS2-1 G-+A), which is also included in the 190 bp fragment (fig 2A,  lane 10) . In this case the heteroduplexes migrate at a lower level in the gel, while the homoduplexes do not separate under these conditions, neither do the heteroduplexes from the AD type. t The molecular nature of the mutation has not been established yet.
Discussion
The identification of sequence heterogeneity by restriction fragment length polymorphisms has had a great impact on studies of genetic linkage and the diagnosis of genetic diseases. However, only a limited amount of the sequence heterogeneity can be recognised by RFLP analysis, but denaturing gradient gel electrophoresis allows the detection of any single base change in an early melting domain.
Here we show that DGGE can be used to detect three polymorphic base changes in a single 190 bp fragment spanning the 5' half of the second intron of the a globin gene. DGGE analysis of this highly polymorphic intragenic fragment provides an attractive alternative to RFLP analysis; it is a rapid, one step procedure and a large number of samples can be screened simultaneously in a non-radioactive way. This approach has proved extremely useful not only in the detection of previously identified polymorphisms, but it can also be applied to detect unknown polymorphisms and to screen the polymorphic content of a previously uncharacterised sequence. 
